Intracellular antioxidant superoxide dismutase (SOD) was reported decreased in the liver and kidney of hypercholesterolemic rats. This study was conducted to observe the effect of seaweed Eucheuma cottonii powder on the profile of blood cholesterol and the level of SOD in liver tissues of hypercholesterolemic rats by using immunohistochemical technique. Twenty male Wistar rats were used for this study. Those rats were divided into four groups; (i) negative control group (A), (ii) hypercholesterolemia group treated by 5% seaweed powder (B), (iii) hypercholesterolemia group treated by 10% seaweed powder (C), and (iv) Positive control group or hypercholesterolemia group (D). The experiment was carried out for 35 days. Hypercholesterolemia condition (> 130 mg/dl), except group A, was achieved by feeding the rats with commercial diet containing 1% cholesterol. Drinking water was given ad libitum for 40 days. The results showed that seaweed powder decreased the total cholesterol, low density lipoprotein (LDL), triglyceride, and increased the level of high density lipoprotein (HDL) and SOD status in the liver tissues of hypercholesterolemic rats. The treatment of 10% seaweed powder gave better results than that of 5%. These results suggested that dietary fiber such in the seaweed powder has antioxidant activity.
INTRODUCTION
reported that hypercholesterolemic conditions altered the liver and kidney tissues of rats, and decreased the level of intracellular antioxidant copper, zinc-superoxide dismutase (Cu,Zn-SOD) in these organs. These alterations may account for the hypercholesterolemic condition, inducing production of reactive oxygen species-free radical. Increased levels of the reactive oxygen species (ROS), reactive nitrogen species (RNS), and other free radicals, create a situation known as oxidative stress. Oxidative stress can be induced by certain factors such as antioxidant deficiency or over production of free radical. The condition can lead to a variety of biochemical and physiological lesions often resulting in metabolic impairment and cell death. These highly reactive oxygens can readily react with various biological macromolecules such as DNA, proteins, lipids, and cause protein destruction. The lesions in turn lead to various diseases and degenerative processes such as, aging and carcinogenesis in human and animals (Halliwell & Gutteridge 1995) .
Free-radical scavenger (antioxidant) plays an important role in protection of cells against oxidative stress and maintain a balance between the various toxic oxygen species. The protection can be done by several ways such as prevention, stopping or decreasing of oxidations (Schuler 1990) , as well as catalyzing free radicals by intracellular antioxidant enzymes (Mates et al. 1999) .
The intracellular antioxidant enzymes comprise catalase, glutathione peroxidase, and three isoforms of superoxide dismutase (SOD); copper, zinc (Cu,Zn)-SOD, manganese (Mn)-SOD, and iron (Fe)-SOD (Fridovich 1975) . The SOD provides a primary defence against superoxide anion radical generated intracellularly. It was reported that SOD was localized immunohistochemically and immunocytochemically in the human and rat tissues (Marklund 1984; Dobashi et al. 1989; Wresdiyati & Makita 1997) . SOD was also reported plays important role in physiological processes. Some cases of failed pregnancy in human was caused by the decreasing level of SOD (Sugino et al. 2000) . Profile of SOD was also reported in pathological condition such as stress, diabetes mellitus and hypercholesterolemia (Wresdiyati et al. 2002; Wresdiyati 2003; Wresdiyati et al. 2003; Wresdiyati et al. 2006a,b) , in neoplastic tissues (Keller et al. 1991) , and in neurons of hypocampus in Alzheimer and Down's syndrome patient (Furuta et al. 1995) . It was also reported that activity of heart Cu,Zn-SOD decreased after isoproterenol infuse induced oxidative stress in rats (Srivastava et al. 2007) .
More than 70% of Indonesian area is the sea that rich of many kinds of flora and fauna. One of them is seaweed one kind of algae which have four classes: green algae (Chlorophyceae), green-blue algae (Cyanophyceae), brown algae (Phaeophyceae), and red algae (Rhodopyceae).
The important compound of seaweed is dietary fiber. Dietary fiber is a complex carbohydrate which undigested by digestive enzymes in intestine. Base on solubility in water, there are two kinds of dietary fiber; soluble and insoluble dietary fiber. Soluble dietary fiber was reported to have role in important physiological procesess, such as to decrease cholesterol and serum glucose level, as well as prevent cardiovascular disease and hypertention. Soluble dietary fiber comprises pectine, beta glucane, gum, mucilase, agar, carageenan, and alginate. Whereas insoluble dietary fiber was reported to have role in prevention of colon cancer, diverticulosis, constipation, and hemorrhoid. Insoluble dietary fiber comprises lygnine, cellulose, and hemicellulose. Related to the function, there are three important compounds in seaweed: agar, carageenan, and alginic acid (Astawan 1998 ). The present study was conducted to observe the effect of seaweed-Eucheuma cottonii powder on the profile of blood cholesterol and intracellular antioxidant copper,zincsuperoxide dismutase (Cu,Zn-SOD) in liver tissues of hypercholesterolemic rats using immunohistochemical technique.
MATERIALS AND METHODS
Seaweed Powder Production and Analysis. Seaweed powder used for this study was Eucheuma cottonii and produced as described on Figure 1 . Analysis of seaweed powder was carried out to know the content of the dietary fiber (soluble and insoluble dietary fibers) (Asp et al. 1983 ) and proximate analysis was to determine moist, ash, lipid, protein, and carbohydrate by difference (AOAC 1995) .
Treatment of Animals and Tissues Preparation. A total of 20 male Wistar rats (250 + 5 gr BW) were used for this study. The animals were adapted to the situation and conditions of the animal laboratory for two weeks, and then the blood serum was analyzed its total cholesterol before treatment. The animals were then divided into 4 treatment groups (Table 1) ; (i) negative control group (A), (ii) hypercholesterolemic group treated by 5% seaweed powder (B), (iii) hypercholesterolemic group treated by 10% seaweed powder (C), and (iv) Positive control group or hypercholesterolemic group (D). The experiment was conducted for 35 days. Hypercholesterolemic condition (>130 mg/dl), except group A, was achieved by feeding the rats with commercial diet containing 1% cholesterol and drinking water ad libitum for 40 days.
Blood and tissue were sampled at the end of each treatment. Following cervical dislocation liver tissues were collected from each animal in all groups. Blood serum was analyzed for total cholesterol, high denstity lipoprotein (LDL), low density lipoprotein (HDL), and triglyceride. Whereas liver tissues were then processed by paraffin standard method. Specimens were cut into 4 mm-thick sections and subjected to hematoxylin eosin staining and immunohistochemical technique for detection of Cu,Zn-SOD.
Hematoxylin Eosin Staining. The tissue sections were stained with haematoxylin -eosin after deparaffinization and rehydration using standard methods. After staining, they were dehydrated again and followed by clearing with xylol before mounting with entelan.
Immunohistochemistry. SOD was localized immunohistochemically described previously (Dobashi et al. 1989; Wresdiyati 2003 ) with a slight modification in using of conjugated second antibody and kit of diamino benzidine (DAB). The tissue sections were washed for 15 min with 3 times changes of PBS between each step. After deparaffinization and rehydration, the tissue sections were exposed to 3% H 2 O 2 for 10 min to inactivate endogenous peroxidase activity and then to 10% normal goat serum to block nonspecific binding. Following rinsing with PBS, the tissue sections were incubated in primary antibody of copper,zinc-superoxide dismutase (Cu,Zn-SOD, 1:200) (Sigma S2147) at 4 o C for 2 days. The tissues were then incubated with enhanced labelled polymer peroxidase, secodary antibody (Dako K1491). The reaction product of antigen-antibody was visualized using kit of DAB (00-2020) from Zymed Laboratories Inc. The tissue sections were then dehydrated with series of alcohol, and cleared with xylol. Finally, the sections were mounted with entelan. As control of staining, tissue sections were incubated with PBS instead of Cu,Zn-SOD antibody. The tissue sections of control staining showed negative reaction with minimal background staining.
Observation and Data Analysis. The level of total cholesterol, LDL, HDL, and triglyceride were statistically analyzed using ANOVA and Duncan test (Steel & Torrie 1986 ). Haematoxylin -eosin stained tissue sections were observed under a light microscope. The hepatocytes and interstitial area condition and some histopathological signs of the tissues from the treatment groups were compared to that of the control group.
The immunoreaction products of the SOD were also observed by using a light microscope. The distribution and frequency of positive reaction product on the tissues of control group were compared qualitatively to those of the treatment groups. The qualitatively observation of Cu,Zn-SOD reaction product was done to the nucleus and cytoplasm of hepatocytes. The observation of Cu,Zn-SOD in the tissues was based on the brown colour intensity in the cells and the distribution of the reaction product.
The immunoreaction products of the Cu,Zn-SOD were observed qualitatively by using a light microscopy.
RESULTS

Seaweed Powder
Components. The analysis showed that seaweed powder contained a large amount of soluble and insoluble dietary fiber, 81.94%, and carbohydrate, 87.99% of dry weight (Table 1) .
Serum Total Cholesterol. Serum total cholesterol in hypercholesterolemic rats that treated with 5% (B) (77.33 mg/dl) and 10% (C) (67.66 mg/dl) seaweed powder was not significantly different (P > 0.05) to that of negative control group (A) (78.66 mg/dl) (Figure 2) . It means the treatment of seaweed powder decreased serum total cholesterol of hypercholesterolemic rats. Five and ten percent of seaweed powder decreased 1.78 and 13.98%, respectively of serum total cholesterol. While the positive control group, hypercholes-terolemic group (D), showed serum total cholesterol (144.33 mg/dl) significantly higher (P < 0.05) than other group.
Low density lipoprotein (LDL) in the negative control group (A), 5% (B), 10% (C) of seaweed powder treatment, and positive control group (D) was 52.7, 47.0, 33.0, and 116.3 mg/dl respectively. The treatment of seaweed powder was significantly (P < 0.05) decreased the level of LDL hypercholesterolemic rats. Compared to the hypercholesterolemic group (D), the level of LDL in 5% (B), and 10% (C) of seaweed powder decreased 59.59 and 71.63%, respectively (Figure 3) .
The lowest level of high density lipoprotein (HDL) was showed in the hypercholesterolemic group (D) (13.33 mg/dl). While the highest level of HDL was showed in the hypercholesterolemic rats that treated with 10% seaweed powder (C) (25 mg/dl). It was significantly different (P < 0.05) compared to that of hypercholesterolemic group (D). Treatment of 5 and 10% of seaweed powder has no significant effect (P > 0.05) on increasing HDL level compared to the negative control group (Figure 4) .
Serum triglyceride level of hypercholesterolemic group (D) (74.33 mg/dl) showed the highest and was significantly different (P < 0.05) to that of others groups. Treatment of 5 and 10% of seaweed powder significantly decreased (P < 0.05) the level of serum tryglyceride of hypercholesterolemic rats (B and C) 31.76 and 36.34%, respectively. The level of serum tryglyceride was not significantly different (P > 0.05) to that of negative control group ( Figure 5 ).
Histopathology. Histopathological evidence was observed in the liver tissues of all groups stained by haematoxylin and eosin (HE). The hepatocytes were arranged radially to the central vein with the presence of Kupffer cells in their sinusoidal spaces. The liver tissues of hypercholesterolemia group showed histopathological evidences, such as serious 0% chl, 0% sw 1% chl, 5% sw 1% chl, 10% sw1% chl, 0% sw Treatment lipid degeneration, remarkable inflammation, as well as degeneration to necrose of some hepatocytes. The treatment of 5 and 10% seaweed powder showed recovery effects to the liver tissues of hypercholesterolemic rats; decreasing the condition of lipid degeneration, inflammation, and degeneration of hepatocytes. Treatment of 10% seaweed powder showed better effects than 5% seaweed powder treatment ( Figure 6 ). Immunohistochemistry. Cu,Zn-SOD was immunohistochemically localized in the nuclei and cytoplasm of the hepatocytes. The positive reaction product of the enzyme in the liver tissues showed brown colour in the tissues. Qualitatively observation of Cu,Zn-SOD in the tissues of hypercholesterolemic group, positive control group, showed the enzyme content decreased compare to the negative control group (Figure 7) . It was shown by the intensity of brown colour reaction product in the positive control group that was lower than that of negative control group. The content of Cu,Zn-SOD in the hypercholesterolemic groups treated with seaweed powder increased compared to the positive control group. The treatment of 5% seaweed powder gave slightly increasing on the content of Cu,Zn-SOD, while 10% seaweed powder treatment showed remarkable increased of Cu,Zn-SOD content in the liver tissues of rats compared to that of positive control group (Figure 7) .
DISCUSSION
Serum total cholesterol of hypercholesterolemic group (144.33 mg/dl) showed significantly (P < 0.05) the highest compared to that of other groups (Figure 2) . It showed that feeding with a rat commercial diet containing 1% cholesterol for 40 days increased the level of serum total cholesterol. High concentrations of cholesterol are an indication of a metabolic disorder (sometime inherited) that results in (i) failure to remove lipoproteins from the blood at a sufficient rapid rate, (ii) an overproduction of lipoprotein by the tissues, or (iii) combination of both (i) and (ii). High concentrations of cholesterol may also be caused by (1) lipoprotrein intake that containing cholesterol by receptor -LDL, (2) lipoprotein intake without being mediated by receptor (3) synthesis of cholesterol, and (4) ester cholesterol hydrolysis by ester cholesterol hydrolase (Gurr 1992) .
The hypercholesterolemic groups that treated with seaweed powder both 5 and 10% showed serum total cholesterol decreased significantly (P < 0.05) compared to the positive control group. The decreasing concentration of cholesterol reached to the level of negative control group (Figure 2) . Dietary fiber of seaweed (Table 1) circulation of enterohepatic bile salts. The mechanism increase the rate of lipid, cholesterol and bile salts excretion via feces. Subsequently, the level of cholesterol decreased in this study, as reported by Anderson (1994) that dietary fiber decreased the concentration of cholesterol. The level of LDL in the hypercholesterolemic groups treated with seaweed powder both 5 and 10% also decreased significantly (P < 0.05) compared to that in hypercholes terolemic group. LDL transported cholesterol from liver to the pheripheral tissues. It contains 60-70% of total cholesterol (Jeppesen et al. 1998) , so there is a relationship beetwen LDL and total cholesterol in the same direction. If total cholesterol decreased then the level of LDL also decreased. Dietary fiber treatment decreased concentration of LDL because there is an inhibition of cholesterol absorbtion in the intestine, subsequently increased the excretion rate of bile salts and cholesterol that bind to the dietary fiber. Because the bile salts are produced from cholesterol, so the rate of cholesterol metabolism increase and subsequently the total cholesterol and LDL decreased. Ara et al. (2002) also reported that ethanol extracts of five seaweed species Solieria robusta, Lyengaria stellata, Colpomenia sinuosa, Spatoglossum asperum, and Caulerpa racemosa significantly decreased the serum total cholesterol, triglyceride, and LDL levels in normal, tritoninduced and died-induced hyperlipidaemic rats.
High density lipoprotein (HDL) transports cholesterol from pheripheral tissues to liver, an opposite function of LDL. Dietary fiber of seaweed stimulates the bile salts excretion via feces, so that the reabsortion and transportation of cholesterol to the liver decreased. If LDL concentration decreased then more HDL is needed to obtain cholesterol for bile salts synthesis. This condition stimulates synthesis HDL in the liver then concentration of HDL increased in blood serum, as shown in the hypercholesterolemic group treated with seaweed powder, especially in dose of 10%. The increase of HDL level is very important in decreasing the risk of atherosclerosis. One point increasing of HDL level can decrease 2-3% of the risk to coronary heart disease. The increasing of HDL level was reported prevent myocardial infarctions (MIS) (Johnston 2000) .
Triglyceride level of hypercholesterolemic groups showed significantly (P < 0.05) the highest compared to the other groups. Serum triglyceride level of hypercholesterolemic groups treated with seaweed powder both 5 and 10% significantly decreased to the the level of negative control group. It is because of cholesterol, LDL, and tryglyceride absorbtion in the same shape namely micell and chilomicrone. The decreasing of triglyceride level have similar patern to the decreasing level of cholesterol and LDL. In the intestine, the micell and chilomicrone can be destroyed by dietary fiber.
Lipid degeneration in the liver tissues stained haematoxylin-eosin of hypercholesterolemic group showed a high level of lipid concentration in the tissues that fail to be transported and metabolized properly as usual as normal condition. It was reported that hypercholesterolemic condition increased lipid peroxidation which give side effect to overproduction of free radicals. To get stable, free radicals take some electrons from biomolecular components that build cell structures such as lipid, protein, and carbohydrate than free radicals caused impairment of cell membrane by change of fluidity, cross linking, structure, and function of cell membrane. These conditions can lead to the cell degeneration and finally necrose or cell dead (Halliwell & Gutteridge 1995) . Necrose cells stimulate inflammation condition (Forest et al. 1994) as showed in the hypercholesterolemic group.
The synthesis of bile salts takes place in the liver as a main gate to eliminate cholesterol. The synthesis was initiated by 7 α-hydroxylation reaction. 7 α-hydroxylase catalizes the reaction requiring oxygen, NADPH, and cytochrome P-450 oxidase. The hypercholesterolemic condition increases bile salt synthesis then more oxygen and NADPH are needed, as well as increasing activity of cytochrome P-450 oxidase. Cytochrome P-450 oxidase also played a role in the reticulum endoplasmic metabolism resulting in free radicals, anion superoxide (Dhaunsi et al. 1992) . The increasing activity of cytochrome P-450 produces more free radicals. It was also reported that hyperlipidemic condition increased xanthine oxidoreductase (XO) producing free radicals (Scheuer et al. 2000) . Therefore, we need more antioxidant to scavenge the free radicals remarkably increasing in hypercholesterolemic condition. Consequently, the antioxidant especially Cu,Zn-SOD decreased in the liver tissues as shown in the hypercholesterolemic group in this study (Figure 7) .
The treatment of seaweed powder in the hypercholes terolemic groups decreased the level of serum total cholesterol, LDL, and triglyceride. It was caused by increasing the cholesterol and bile salts excretion via feces, followed by the decrease of the activities supporting in bile salt synthesis from cholesterol. Free radical production, as the side effects of these reactions, also decreases. Subsequently, seaweed powder treatment prevents the processes of hepatocyte degeneration in the liver tissues including inflammation and necrose. This condition can also save the utility of intracellular antioxidant especially Cu,Zn-SOD to neutralize the increase in anion superoxide on hypercholesterolemic condition. These results also showed that seaweed E. cottonii powder has an antioxidant activity, which could maintain the profile of SOD in the liver tissues under hypercholesterolemic condition. The antioxidant content in seaweed would appear to neutralized free radicals, such as lipid radicals, to more stable products. Subsequently, (i) the alteration of the cellular membrane is lower and the hepatocyte degeneration including inflammation and necrose are also lower, (ii) intracellular antioxidant-Cu,Zn-SOD can be saved in to neutralize the increase of anion superoxide resulting from hypercholes-terolemic condition. Finally, the Cu,Zn-SOD content in the liver tissues was higher in the 10% seaweed powder treated group compared to that of the hypercholesterolemic group without treatment of seaweed powder. The 5% seaweed powder may not enough contain of antioxidant compound that can be used to neutralized the free radicals produced under hypercholesterolemic condition.
It was reported that red seaweed Callophyllis japonica exhibits antioxidant properties, in vitro (Kang et al. 2005) . Chen et al. (2006) also reported that agaro-oligosaccharides derived from red seaweed can exert their in vitro and in vivo hepatoprotective effect through scavenging oxidative damage induce by reactive oxygen species (ROS). Brown seaweedTasco was also reported enhance antioxidant status and immune function in heat-induced oxidative stress in lambs (Saker et al. 2004) .
The study concluded that the dietary fiber of seaweed decreased serum total cholesterol, LDL, and triglyceride, meanwhile increasing the HDL level of hypercholesterolemic rats. The treatment of seaweed powder increased immunohistochemically the content of Cu,Zn-SOD in the liver tissues of the rat under hypercholecterolemic condition. The treatments was also prevent the hepatocytes degeneration including inflammation and necrose. The dose of 10% seaweed powder gave better results than that of 5%. These results suggested to the hypercholesterolemic patients to consume frequently of dietary fibers.
